Neither a single burn during late winter nor a second burn 2 years later reduced the density of mixed brush dominated by blackbrush acacia, honey mesquite, and twisted acacia which had invaded buffelgrass seedings on the South Texas Plains. Based on canopy cover and height, most woody species had recovered to preburn status after two growing seasons. Buffelgrass responded by a flush of spring growth during the year of burning and cumulative herbage production exceeded that of unburned areas for three growing seasons after the single burn. However, during dry growing conditions, less buffelgrass herbage was produced on burned than on unburned areas. A second burn tended to increase huffelgrass herbage production compared to the single burn. However, when moisture became limiting, less herbage wasalso produced on the twice-burned areas. Disappearance of buffelgrass, attributed primarily to grazing, closely paralleled herbage production, with the greatest disappearance occurring the first growing season after the burn.
Materials and Methods

Study Site Description
The study was conducted on the Cerrito Prieto Ranch, about 24 km south of Encinal in the west-central portion of the South Texas Plains (Gould 1975) . The 31-year average annual precipitation at the ranch is approximately 50 cm, with peaks occurring in May and September. The climate of the area is characterized by hot summers and short, mild winters. The experiments were established on a gray sandy loam range site. Soils are primarily of the Copita series, a fine-loamy, mixed, hyperthermic Aridisol of the Ustollic Calciorthid subgroup. The soil is moderately deep, moderately permeable and calcareous, and is underlain by sandstone (Stevens and Arriaga 1977) . Topography is gently rolling with generally less than 3% slopes.
The experimental area was broadcast seeded to common buffelgrass in 1967 following root plowing, raking, stacking, and burning of brush piles. Woody plant stands on the area were typical for similarly treated rangeland of the region based on the time lapse since treatment. Primary species on the experimental area were honey mesquite, blackbrush acacia, and twisted acacia with lesser amounts of desert yaupon (Schaefferia cunezfolia), leatherstem (Jatropha dioica), whitebrush (Aloysia lycioides). lotebush (Zizyphus obtuszfolia),
Berlandier wolfberry (Lycium berlandieri), spiny hackberry (Celtis pallida), guayacan (Porlieria angustzfolia), tasajillo (Opuntia leptocaulis), and guajillo (Acacia berlandieri).
Burning Procedures and Vegetation Evaluation
Late-winter burns were selected on the premise that invading woody species would be suppressed with minima1 risk ofdamage to forage species (Scifres 1980; Mayeux and Hamilton 1979) . Two 3-ha plots within a IO-ha enclosure were burned on February 7, 1977. One-half of each plot which was burned in 1977 was burned on February 9, 1979. Four permanently marked belt transects, 3.7 m by 61 m, were established in each plot before the initial and second burns and four transects were established on adjacent untreated areas. Experimental design was a randomized complete block with two replications.
Woody plant height, canopy diameter, and number of live plants by species were recorded along each transect before burning and at approximately 4.6, 10, 17,23,25,27 and 33 months after burning. Immediately before installation of the fires, fine fuel load was harvested from 25, 0.25-mz sampling areas, equidistantly spaced across each plot. Fuel samples were oven dried at 60°C for 24 hr and water content calculated on a wet-weight basis.
Weather data obtained immediately prior to initiation of burns included instantaneous wind speed at a height of 2 m, wind direction, air temperature, relative humidity, and soil temperature at a depth of 5 cm. In addition, six soil samples were collected at 0 to I5 and I5 to 30 cm depths from each plot for estimating soil water content gravimetrically. Before burning in 1979, soil-water samples were also recovered from 30 to 45 cm deep.
Burns were conducted as headfires following backfiring on the lee side of the plots to an average distance of 15 m (Scifres 1980 I5-cm mesh wire, were equidistantly spaced diagonally across each plot. The study area was grazed with cows at approximately I AU/8 ha from 60 days after burning for about I7 months. The pasture was then deferred for IO months, and thengrazed continuously at the same stocking rate until termination of the study. Buffelgrass standing crop inside each exclosure and at I m from the exclosure in a randomly selected cardinal direction was harvested to ground line within a 0.25-m? quadrat at 4,6, IO, 17,23,25, 27 and 33 months after the first burn. Exclosures were moved to new locations after each harvesting date. Herbage production was calculated as the average difference between herbaceous standing crop measured the preceding sampling period on the grazed area and that within the exclosure at the current sampling period (NAS-NRC 1962) . Disappearance was estimated as the difference between the herbaceous standing crop on the grazed area and that within the exclosure at the current sampling period. Disappearance represented herbage utilization by livestock and losses such as trampling, consumption by rodents and insects, and weathering. Buffelgrass foliar cover was estimated at 24 and 33 months following the initial burn with 50, IO-point frame samples in each plot. Data were subjected to analysis of variance, and differences among means were determined with Duncan's multiple range test at the 5% level.
Results and Discussion
Burn Conditions
Woody plant density on the area burned February 7, 1977, was adequate to impair fine fuel production and continuity, especially in the immediate vicinity of the woody plants. In addition to low fine fuel load (1,140 kg/ha) and poor fuel continuity, the wind speed, I3 km/ hr at headfire ignition, diminished to 8 km/ hr shortly after ignition (Table I) . Relative humidity was 89% at headfire ignition and increased to 100% during the burn. Fine fuel water content was 23% at ignition. The burn blackened an esti- mated 80% of the surface area.
Conditions for the second burn (February 9, 1979) were more favorable than for the initial burn. Fine fuel load averaged 3,320 kg/ ha, relative humidity was 40%, and fine fuel water content was I4%, all within the limits suggested for successful range burning in South Texas (Scifres 1980 ). However, wind velocity was only 8 km/hr at ignition, and diminished to calm before burnout. Other variables, such as soil moisture, soil temperature, air temperature, and maximum fire temperatures were similar for the two burns.
Buffeigrass Production
The plots burned in I977 had produced significantly more buffelgrass herbage (E.05) by late May, approximately 4 months after the burn, than was produced on unburned areas (Fig. 1) . Soil water was adequate at the time of the burn (Table I) to promote early spring growth on the burned areas. In addition, 30.5 cm of precipitation occurred on the study area between the date of burning and the herbage harvests in May. However, from May 24 to harvests in mid-July, only 4. I cm of precipitation were received. During that period, the unburned plots produced significantly more buffelgrass that was produced on the burned plots but cumulative herbage production was higher on the burned areas (Fig. I) . Greater herbage production on the unburned plots (1,230 kg/ ha) than on burned plots (360 kg/ha) during the next I I months nullified the difference in cumulative herbage production between treatments. This response was attributed to dry growing conditions, since only 2 I .2 cm of precipitation were received during this period. However, buffelgrass herbage production on the burned plots was significantly greater for the December 1978 sampling, compared to that of unburned plots. During that period, June to December 1978, 51.5 cm of precipitation was received. Thus, cumulative buffelgrass herbage production was greater on plots burned once compared to that of unburned plots for 29 months following the burn, even though standing crop on burned areas was reduced more than that on unburned areasduringdry periods (Fig.  1) .
As with the initial burn, soil water content at the time of the second burn in February 1979 (Table I) was apparently adequate for rapid growth initiation of the buffelgrass. Although I2 cm of precipitation occurred from the time of the second burn to sampling in May 1979, 70% of the rainfall fell within 3 weeks of the sampling. The plots burned twice had produced 838 kg/ ha of herbage by May 1979, while those burned once and the unburned plots had produced no additional herbage since the date of the second burn (data not shown).
No significant precipitation occurred on the study area from June to the final sampling in mid-December 1979. Cumulative buffelgrass herbage production following the second burn (2,460 kg/ ha) tended to exceed that on the unburned plots (1,440 kg/ ha) by December, 1979 . There was no additional herbage production during the same period on the plots burned once. The greatest amount of cumulative buffelgrass herbage production during the extremely dry period from May through December 1979 occurred on the unburned plots.
Thus, burning promoted buffelgrass herbage production by mid spring following each fire, but less herbage was produced on burned than on the unburned plots as soil water was depleted during the summer. Apparently, the lush buffelgrass growth promoted by burning depleted available soil water more quickly than water was consumed on the unburned plots. Sharrow and Wright (1977) reported that increased soil temperature stimulated the growth of tobosagrass (Hilaria mutica) when moisture was not limiting, which caused subsequent reductions in soil water and nitrates. In our study, this consumptive depletion of soil water usually resulted in less buffelgrass herbage production on burned than on unburned plots during subsequent dry periods. However, significant rainfall following the dry periods resulted in more buffelgrass herbage being produced on burned than on unburned plots for the first two growing seasons following burning.
Foliar cover of buffelgrass 24 and 33 months after the first burn did not differ significantly among the treatments(data not shown). However, there was a trend toward slightly greater buffelgrass foliar cover on the burned plots (62%), compared to unburned plots (56%) after 24 months.
Buffelgraas Disappearance
The plots burned in February, 1977, and theadjacent, unburned plots were stocked with cows in April I977 (approximately 60 days following the burn) at a stocking rate of 1 AU/8 ha. Cumulative buffelgrass disappearance (Fig. 2) buffelgrass herbage production (Fig. I) . Cumulative disappearance for the 15-month grazing period on the burned plots was 6,270 kg/ ha compared to 5,230 kg/ ha on the unburned plots, representing 88% and 69% of the cumulative herbage production, respectively. Although the difference in herbage disappearance between burned and unburned plots was significant only at the first harvest date (May 1977), there was a trend toward greater cumulative herbage disappearance from the burned than from the unburned plots for the next I3 months. These data confirm other reports that grazing animals prefer the fresh, new growth following burning over that on unburned areas (Scifres 1980; Oefinger and Scifres 1977; Wright 1974 Wright , 1976 Wright , 1978 .
Woody Plant Responses
Blackbrush acacia, twisted acacia, and honey mesquite accounted for more than 95% of the woody plant canopy on the study area. Preburn canopy cover of woody plants on the area averaged 8%. The density of live plants was not altered by burning, regardless of species or whether the areas were burned once or twice. Moreover, woody plant height replacement was similar to canopy replacement following both burns, and canopy replacement following the second burn followed the same pattern as replacement after the first burn. Therefore, only the data on canopy replacement following the first burn are presented.
Honey mesquite canopy cover, as reflected by canopy diameters, progressively increased on the unburned plots during the course of the study (Fig. 3) . Reductions in December 1978, compared to canopy measurements the previous June, reflect expected seasonal variations. In contrast to unburned plots, honey mesquite canopy diameters on burned plots tended to be less than preburn estimates for 6 months following the initial burn. However, canopy cover of honey mesquite on the burned plots exceeded the preburn values after IO months. Regardless of time of post burn measurement, canopy cover of honey mesquite on burned areas was less than that on unburned areas.
UNIUENED B WINED
"ONE" ME5OUITE Canopy cover of blackbrush acacia was significantly reduced (p1.05) compared to preburn estimates, at 4 months after the initial burn in February 1977 (Fig. 3) . Moreover, canopy cover of blackbrush acacia tended to be less than preburn estimates until June 1978, the second growing season after the burn. In comparison, canopy diameter of blackbrush acacia on unburned areas in June 1978 was significantly greater than preburn.
There was a strong trend toward reduced canopy diameters of twisted acacia on burned areas, compared to preburn measurements, for 6 months following the first burn (Fig. 3) . However, the twisted acacia canopies had recovered by November 1977 and were significantly greater than preburn canopy cover estimates by June, 1978 .
The category "all other woody plants" included desert yaupon, leatherstem, whitebrush, lotebush, Berlandier wolfberry, spiny hackberry, guayacan, and guajillo, and accounted for less than 5% of the woody plant cover. Although canopy diameters of all other woody plants tended to be reduced, compared to preburn estimates, for 4 months following the initial burns, they equalled or exceeded preburn canopy diameters at all other evaluation dates (Fig. 3) .
Conclusions
These data indicate that fire has the potential for maintaining productivity of buffelgrass pastures which are being invaded by mixed brush. Although cool-season burns did not kill the woody plants because of the ability of most species typical of South Texas mixed-brush communities to resprout following damage to topgrowth, there was a reduction in brush canopy cover and heights following burning. This canopy and height reduction apparently contributed to increased herbage production during the spring following the fires when moisture was not limiting. Based on regrowth of woody plants in this study and under a rainfall regime considered normal for the study area (about 50 cm precipitation annually for the last 30 years), it appears that cool-season burns about every third growing season will suppress and maintain mixed brush at acceptable levels. However, care should be exercised in timing burns to coincide with years of normal or aboveaverage preburn rainfall because of the increased water demand imposed by the luxuriant buffelgrass growth following burning.
Also, it appears that maintenance burning program should be initiated before the woody plants reach the height and canopy cover of those in this study, perhaps 4-6 years after clearing and seeding. The blackbrush acacia, honey mesquite, and twisted acacia plants averaged I .2, I .O and I .6 m tall, respectively, at the time of the first burn. Burning sooner after establishment ofbuffelgrass would not only subject smaller woody plants to the fire but would also help ensure a heavier, more continuous load of fine fuel.
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